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CLAIMS 



- [Claim(s) ] 

[Claim 1] The p type nitride semiconductor characterized by providing the 
following, or the nitride semiconductor light emitting device characterized by 
forming second p type clad layer which consists of p type GaN. The barrier layer 
which has a single quantum well or multiplex quantum well structure. It has 
second n type clad layer which consists of an n type nitride semiconductor which 
contains an indium between n type clad layers, and is the aforementioned barrier 
layer further. Between p type clad layers, it is an indium at least. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the nitride semiconductor 
light emitting device which starts the light emitting device which consists of a 
nitride semiconductor ( InaAlbGal-a-bN, 0<=a, 0<=b> a+b<=l) used for light, 
emitting diode (Light Emitting Diode), a laser diode (LD) , etc., especially has 
terrorism structure to double. 
[0002] 

[Description of the Prior Art] The nitride semiconductor (InaAlbGal-a-bN, 0<=a, 
0<=b, a+b<=l) is known as a material of light emitting devices, such as Light 
Emitting Diode, LD, etc. which emit light in ultraviolet - red. Using this 
semiconductor material, we announced blue Light Emitting Diode with a luminous 
intensity of 1 cd in November, 1993, announced the bluish green color Lighc 
Emitting Diode with a luminous intensity of 2 cds in April, 1994, and announced 
blue Light Emitting Diode with a luminous intensity of 2 cds in October, 
1994. All of these Light Emitting Diodes are produced commercially, and practical 
use of the present display, a signal, etc. is presented with 
them. 

[0003] The structure of the luminescence chip of the conventional blue and the 
bluish green color Light Emitting Diode which become drawing 2 from a nitride 
semiconductor is shown. It has the structure where the laminating of the buffer 
layer 22 which consists of GaN on a substrate 21, n type contact layer 2 3 which 
consists of n type GaN, n type clad layer 24 which consists of n type AlGaN, the 
barrier layer 25 which consists of n type InGaN, p type clad layer 26 which 
consists of p type AlGaN, and the p type contact layer 27 which consists of p 
type GaN was fundamentally carried out to order. Acceptor impurity, such as donor 
impurities, such as Si and germanium, and/or Zn, Mg, is doped by n type InGaN of 
a barrier layer 25, the luminescence wavelength of a Light Emitting Diode element 
is changing the kind of impurity which changes In composition ratio of InGaN of 
the barrier layer, or is doped to a barrier layer, and it is possible to make it 
change to ultraviolet - red. For the moment, Light Emitting Diode with a 
luminescence wavelength of 510nm or less on which a donor impurity and acceptor 
impurity were simultaneously doped by the barrier layer is put in practical 
use. 
[0004] 

[Problem(s) to be Solved by the invention] A radiant power output has about 3mW 
of the conventional Light Emitting Diodes by 20mA of forward currents, and they 
have the output of 20 times or more as compared with Light Emitting Diode which 
consists of SiC. However, when this Light Emitting Diode was low, for example, 
electrostatic pressure-proofing carried out bias of it and measured in the 
opposite direction, it had the fault that there were only 50-100V about. If Light 
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Emitting Diode is dealt with in the atmosphere dried when electrostatic 
pressure-proofing was low, since an element will be easily destroyed by static 
electricity, it is lacking in reliability. 

[0005] Therefore, it is in accomplishing this invention in view of such a 
situation, and as for the place made into the purpose, electrostatic 
pressure-proofing realizing a large nitride semiconductor light emitting device 
and ( a hi 9 h Power light emitting device, and raising the reliability of a nitride 
semiconductor light emitting device. 
[0006] 

[Means for Solving the Problem] As a result of repeating various experiments 
about the nitride semiconductor light emitting device of terrorism structure to 
the conventional double, we trace that many of the causes are in p type clad 
layer grown up into the degree of a barrier layer, and came to accomplish this 
invention. The nitride semiconductor light emitting device of this invention 
namely, between the barrier layer which has a single quantum well or multiplex 
quantum well structure, and n type clad layer It has second n type clad layer 
which consists of an n type nitride semiconductor containing an indium, and is 
characterized by forming second p type clad layer which consists of a p type 
nitride semiconductor which contains an indium at least between the 
aforementioned barrier layer and p type clad layer, or p type GaN 
further . 

[0007] Drawing 1 is the type section view showing the structure of the light 
emitting device concerning one example of this invention. This light emitting 
device shows the structure which carried out the laminating of a buffer layer 2, 
n type contact layer 3, n type clad layer 4, a barrier layer 5, second p type 
clad layer 60, first p type clad layer 6, and the p type contact layer 7 to order 
on the substrate 1. 

[0008] The substrate of the nitride semiconductor and grid mismatching like Sic 
(6H and 4H are included), ZnO and Si besides sapphire (the Ath page, the Cth 
page, and the Rth page are included), and GaAs , a substrate with near nitride 
semiconductor which consists of an oxide single crystal like NGO (neodium 
gallate) and lattice constant, etc. can be used for a substrate 1. 
[0009] As for a buffer layer 2, it is desirable to grow up GaN, A1N, GaAIN, etc. 
by 50A - 0.1 micrometers thickness, for example, according to the MOVPE method, 
it can be formed by making it grow up at 400 degrees C - 600 degrees C low 
temperature . 

1 0010] n type contact layer 3 is a layer which forms a negative electrode 8, it 
is desirable to grow up GaN, AlGaN, InAlGaN, etc. by 1 micrometer - 10 
micrometers thickness, and the material of a negative electrode and desirable 
ohmic contact can be obtained by choosing GaN also in it. As a material of a 
negative electrode 8, aluminum, Au, Ti, etc. can be used 
preferably. 

[0011] As for n type clad layer 4, it is desirable to grow up GaN, AlGaN, 
InAlGaN, etc. by 500A - 0.5 micrometers thickness, and a crystalline good layer 
is obtained by choosing GaN and AlGaN also in it. Moreover, it is also possible 
to omit n type clad layer 4 or n type contact layer 3. If either is omitted, the 
layer which remained will act as n type clad layer and an n type contact 
layer . 

[0012] As for a barrier layer 5, it is more desirable than a clad layer that 
bandgap energy sets the composition ratio of an indium to InGaN changed suitably 
by the desired band gap especially that what is necessary is just nitride 
semiconductors, such as small InGaN, InAlGaN, and AlGaN. Moreover, it is good 
also as multiplex quantum well structure which carried out the laminating of each 
thin film for the barrier layer 5 in combination, such as InGaN/GaN and 
InGaN/InGaN (composition differs) . single quantum well structure and multiplex 
quantum well structure which barrier layer -- also setting a barrier layer 
-- n type and p type although any are sufficient, it is desirable, especially 
when luminescence between bands with narrow half-value width, exciton 
luminescence, or quantum well level luminescence is obtained and a Light Emitting 



JP 11-220174 A 



Diode element and LD element are realized by considering especially as a non dope 
(additive-free) If a barrier layer is made into single quantum well (SQW: single 
quantum well) structure or multiplex quantum well (MQW :multiquan turn well) 
structure, a light emitting device with a very high output will be obtained. It 
is the layer which pointed out the structure of a barrier layer where 
luminescence between the quantum level by InGaN of a non dope was obtained, in 
SQW and MQW, for example, constituted the barrier layer from InXGal-XN (0<=X<1) 
of single composition at SQW, and strong luminescence between quantum level is 
obtained by making still more preferably 100A or less of thickness of InXGal-XN 
into 70A or less. Moreover, MQW is taken as the multilayer which carried out two 
or more laminatings of the thin film of InXGal-XN (X= 0 and X= 1 are included in 
this case) from which a composition ratio differs. Thus, luminescence to about 
3 65nm - 660nm is obtained by luminescence between quantum level by setting a 
barrier layer to SQW and MQW. As well layer thickness of quantum structure, 70A 
or less is desirable as mentioned above. Multiplex quantum well structure 
constitutes a well layer from InXGal-XN, and, as for a barrier layer, it is 
desirable to constitute by InYGal-YN (for Y= 0 to be included in Y<X and this 
case) similarly. Since it can grow up at the same temperature if a well layer and 
a barrier layer are especially formed by InGaN preferably, a crystalline good 
barrier layer is obtained. If 150A or less of thickness of a barrier layer is 
made into 12 OA or less still more preferably, a high power light emitting device 
will be obtained. Moreover, you may dope a donor impurity and/or acceptor 
impurity to a barrier layer 5. If the crystallinity of the barrier layer which 
doped the impurity is the same as a non dope and a donor impurity will be doped, 
compared with the thing of a non dope, band luminescence intensity can be 
strengthened further. Although peak wavelength can be brought to about O.SeV low 
energy side rather than the peak wavelength of luminescence between bands if 
acceptor impurity is doped, half -value width becomes large. If acceptor impurity 
and a donor impurity are doped simultaneously, luminescence intensity of the 
barrier layer which doped only acceptor impurity can be enlarged further. When 
realizing the barrier layer which doped especially acceptor impurity, as for the 
conductivity type of a barrier layer, it is desirable to dope donor impurities, 
such as Si, simultaneously and to consider as n type. A barrier layer 5 can be 
grown up by several angstroms - 0.5 micrometers thickness. However, when setting 
a barrier layer to SQW or MQW, it is desirable to form the n type nitride 
semiconductor containing In or second n type clad layer which consists of n type 
GaN between n type clad layer 4 and a barrier layer 5. 

[0013] Next, it is necessary to form second p type clad layer 60 of this 
invention which is the feature most by the p type nitride semiconductor 
(InXAlYGal-X-YN, 0<X, Y<=0, X+Y<1) which contains an indium at least, or p type 
GaN. Especially the thing to form with the nitride semiconductor which does not 
contain aluminum, such as InGaN or GaN, in it is desirable. As for the thickness 
of second p type clad layer 60, it is still more desirable still more preferably 
to form by thickness 100A or less 200A or less. It is because it becomes possible 
to raise electrostatic pressure-proofing of a light emitting device,' maintaining 
most radiant power outputs of a light emitting device by adjusting to thickness 
200A or less. Conversely, when the thickness is thicker than 200A, it is in the 
inclination for the output of a light emitting device to decline. 
[0014] As for first p type clad layer 6, it is desirable to grow up GaN, AlGaN, 
InAlGaN , etc. by 500A - 0.5 micrometers thickness, and a crystalline good layer 
is obtained by choosing GaN and AlGaN also in it. Moreover, when the composition 
of first p type clad layer 6 is the same as composition of second p type clad 
layer 60, the composition ratio of first p type clad layer 6 is changed, and 
bandgap energy is made the same as second p type clad layer 60, or it 
enlarges . 

[0015] p type contact layer 7 is a layer which forms a positive electrode 9, for 
example, it is desirable to grow up GaN, AlGaN, InAlGaN, etc., and the material 
of a positive electrode and desirable ohmic contact can be obtained by choosing 
GaN also in it. As a positive-electrode material, nickel, Au, etc. can be used 
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preferably. Moreover, it is also possible to omit p type contact layer 7 or first 
p type clad layer 6. If either is omitted, the layer which remained will act as 
first p type clad layer and a p type contact layer. 

[0016] The light emitting device of this invention is obtained using vapor 
growths, such as MOVPE (organic-metal vapor growth), MBE (molecular-beam vapor 
growth) , and HDVPE (hydride vapor growth) , by carrying out the laminating of 
InaAlbGal-a-bN (0<=a, 0<=b, a+b<=l) by conductivity types, such as n type and p 
type, on a substrate. Although an n type nitride semiconductor is obtained also 
in the state of a non dope, it is obtained by introducing donor impurities, such 
as Si, germanium, and S, into a semiconductor layer into a crystal growth. The 
carrier concentration of n type layer can be adjusted by adjusting such donor 
impurity concentration. On the other hand, a p type nitride semiconductor layer 
is obtained by introducing acceptor impurity, such as Mg, Zn, Cd, calcium, Be, 
and C, into a semiconductor layer into a crystal growth similarly, or performing 
annealing above 400 degrees C after introduction. The carrier concentration of p 
type layer can be adjusted by adjusting these acceptor impurity concentration 
similarly. Although it is prepared in order that a buffer layer 2 may ease the 
grid mismatching of a substrate 1 and a nitride semiconductor, a buffer layer may 
not be formed in case the substrate which carried out grid adjustment with a 
nitride semiconductor like SiC and ZnO, and a substrate with a near lattice 
constant and a nitride semiconductor is used. 
[0017] 

[Function] In the conventional Light Emitting Diode, first p type clad layer 
containing aluminum was grown up on the barrier layer containing In. On the other 
hand, in this invention, second p type clad layer which consists of a nitride 
semiconductor which newly contains GaN or In between a barrier layer and first p 
type clad layer is grown up. Electrostatic pressure-proofing of a light emitting 
device can be raised by this composition. Second p type clad layer on a barrier 
layer carries out an operation of a buffer layer, and this improves the 
crystallinity of first p type clad layer, and is raising electrostatic 
pressure-proofing of an element. The nitride semiconductor has a property with 
the soft crystal itself in order of descending of bandgap energy, and 
AlN>GaN> InN . That is, compared with first p type clad layer with large bandgap 
energy, the" crystal of the nitride semiconductor containing In or second p type 
clad layer which consists of GaN itself is softer than second p type clad 
layer. Since the crystallinity of first p type clad layer grown up on the second 
p type clad layer when second p type clad layer which is this soft crystal 
carries out an operation of a buffer layer becomes good and a lattice defect 
decreases, electrostatic pressure-proofing of the whole element 
improves . 

[0018] The thickness of second p type clad layer which acts suitably as a buffer 
layer has desirable 200A or less. Although electrostatic pressure-proofing tends 
to improve, when thickness is too thick, it is in the inclination for a crystal 
defect to occur mostly in the second p type clad layer itself, and to stop being 
able to act on it easily as a buffer layer, so that second p type clad layer is 
stacked thickly. If first p type clad layer is grown up on second p type clad 
layer with many crystal defects, since a crystal defect will get across even to 
first p type clad layer, first crystalline good p type clad layer stops being 
able to grow up easily. For this reason, when the thickness of second p type clad 
layer is too thick, it is in the inclination for the output of a light emitting 
device to decline. Especially the minimum of the thickness of second p type clad 
layer may not limit, and may be formed by several angstroms thickness which hits 
one atomic layer and two atomic layers. 
[0019] 

[Example] this invention is explained based on a concrete example below. The 
following examples show the growth method by the MOVPE method. 

[002 0] An example 1 is explained based on [example 1] drawing 1 . First, the 
buffer layer 2 which becomes the Cth page of the silicon on sapphire 1 set 'to the 
reaction container from GaN at 500 degrees C is grown up by 500A thickness using 
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TMG (trimethylgallium) and itfH3 . 

[0021] Next, temperature is raised to 1050 degrees C and TMG and n type contact 
layer 23 which consists of Si dope n type GaN using silane gas in addition to NH3 
are grown up by 4 -micrometer thickness. 

J0022] Then, TMA { trimethyl aluminum) is added to material gas and n type clad 
layer 4 which similarly consists of Si dope n mold aluminumO . 3Ga0 . 7N layer at 
1050 degrees C is grown up by 0 . 1-micrometer thickness. 

[0023] Next, temperature is lowered to 800 degrees C and the barrier layer 5 
which consists of Si+Zn dope n type In0.05Ga0.95N is grown up by 0 . 1-micrometer 
thickness using TMG, TMI (trimethylindium) , NH3 , silane gas, and DE2 (diethyl 
zinc) . 

[0024] Then, 50A of second p type clad layer 60 which consists of Mg dope p type 
In0.01Ga0.99N at 800 degrees C using TMG, TMI (trimethylindium), NH3 , and Cp2Mg 
(magnesium cyclopentadienyl ) gas is grown up. 

[0025] Next, temperature is raised to 1050 degrees C and first p type clad layer 
6 which consists of Mg dope p type aluminumO . 3GaO . 7N is grown up by 
0. 1-micrometer thickness using TMG, TMA, NH3 , and Cp2Mg (magnesium 
cyclopentadienyl) . 

[0026] Then, p type contact layer 7 which consists of Mg dope p type GaN using 
TMG, NH3, and Cp2Mg at 1050 degrees C is grown up by 0 . 5-micrometer 
thickness . 

[0027] After a reaction end, temperature is lowered to a room temperature, a 
wafer is picked out from a reaction container, annealing of a wafer is performed 
at 700 degrees C, and p type layer is further formed into low resistance. Next, 
the mask of a predetermined configuration is formed in the front face of p type 
contact layer 7 of the best layer, and it ********** s until the front face of n 
type contact layer 3 is exposed. The negative electrode 8 which becomes the front 
face of n type contact layer 3 from Ti and aluminum, and the positive electrode 9 
which becomes the front face of p type contact layer 7 from nickel and Au are 
formed after etching. After electrode formation, after dividing a wafer into the 
chip of 3 50-micrometer angle, it considered as the Light Emitting Diode 
element. This Light Emitting Diode element showed with Vf3.6V, 450nm of emission 
peak wavelengths, and a half -value width [ of 70nm ] blue luminescence by If 20mA, 
and the radiant power output was 3mW. Furthermore, when electrostatic 
pressure-proofing was measured having applied the reverse bias to the two 
electrodes of this Light Emitting Diode, an element did not break to 
400V. 

[0028] [Example 2] When thickness of second p type clad layer 60 was made into 
100A and also the Light Emitting Diode element was obtained like the example 1, 
the radiant power output was the same as that of 3mW, and electrostatic 
pressure-proofing was improving to 450V. 

[0029] [Example 3] When thickness of second p type clad layer 60 was made into 
200A and also the Light Emitting Diode element was obtained like the example 1, 
2.5mW and the electrostatic pressure-proofing of a radiant power output were 
improving to 550V. 

[0030] [Example 4] Although electrostatic pressure-proofing improved to 650V 
when thickness of second p type clad layer 60 was made into 300A and also the 
Light Emitting Diode element was obtained like the example 1, the radiant power 
output declined to lmW. 

[0031] [Example 5] When Mg dope p type GaN was formed in second p type clad 
layer 60 by 10A thickness and also the Light Emitting Diode element was obtained 
"like the example 1, the 3mW as an example 1 with the same radiant power output 
and electrostatic pressure-proofing were 360V. 

[0032] [Example 6] drawing 3 is the typical cross section showing the 
structure of the light emitting device concerning an example 6. The place where 
this light emitting device differ* from the light emitting device of drawing 1 

is just going to form the n type nitride semiconductor which contains In as a 
new buffer layer, or second n type clad layer 40 which consists of n type GaN 
between n type clad layer 4 and a barrier layer 5. First n type clad layer 40 
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containing In and the barrier layer 5 containing In act as a buffer layer, and a 
crack does not go into n type clad layer 4 and p type clad layer 6, but this 
second clad layer 40 can grow with sufficient crystallinity , if it is desirable 
to form by thickness (10A or more and 0.1 micrometers or less) and it makes 
thickness of second n type clad layer 40 and a barrier layer 5 300A or more 
further. Furthermore, by growing up this second n type clad layer 40, the barrier 
layer which does not dope an impurity is realizable, half-value width is narrow 
and high luminescence of an output can be obtained. 

[0033] This second n type clad layer 40 acts as a buffer layer between n type 
clad layers 4 containing a barrier layer 5, and aluminum and Ga . that is, the 
lattice constant of the n type clad layer 4 and the barrier layer 5 which contain 
aluminum and Ga since it has the property in which second n type clad layer 40 
containing In and Ga is soft as a property of a crystal -- there is work which 
absorbs distortion produced according to a coef f icient-of -thermal-expansion 
difference as it is irregular Therefore, since a crack does not go into a barrier 
layer 5 and n type clad layer 4 considering a barrier layer 5 as SQW and MQW in 
which thickness has thin quantum structure, even if it makes a barrier layer into 
quantum structure, a barrier layer deforms elastically, and the crystal defect of 
a barrier layer decreases. That is, also in the state where the thickness of a 
barrier layer is thin, since the crystallinity of a barrier layer becomes good, a 
radiant power output increases. Furthermore, when the barrier layer made 
thickness thin, a radiant power output increases according to the quantum effect 
and the exciton effect. In other words, by the conventional light emitting 
device, it had prevented that a crack went into a clad layer and a barrier layer 
by thickening thickness of a single. barrier layer with 1000A or more. However, 
since distortion by the coef f icient-of -thermal -expansion difference and the 
stacking fault has always started the barrier layer and the thickness of a 
barrier layer is over the critical thickness which can deform elastically in the 
conventional light emitting device, it cannot deform elastically, but many 
crystal defects are produced in a barrier layer, and it seldom shines in 
l'iminescence between bands. By forming this second n type clad layer 40, it is 
possible in the barrier layer of quantum structure to raise the radiant ' power 
output of a light emitting device by leaps and bounds. 

[0034] Specifically, after growing up n type clad layer 4 in an example 1, 
temperature is lowered to 800 degrees C and second n type clad layer 40 which 
consists of Si dope n type InO.01GaO.99N is grown up by 500A thickness using TMG, 
TMI ( trimethylindium) , NH3 , and silane gas. 

[0035] Then, the barrier layer 5 of the single quantum well structure which 
consists of non dope n type In0.05Ga0.95N at 800 degrees C using TMG, TMI, and 
NH3 is grown up by 80A thickness. When the rest grew up second p type clad layer 
60, first p type clad layer 6, and p type contact layer 7 and was used as the 
Light Emitting Diode element like the example 1, this Light Emitting Diode 
element showed blue luminescence of Vf3.2V and 400nm of emission peak wavelengths 
by If20mA, and the radiant power output was 12mW. Furthermore, the half-value 
width of an emission spectrum is 2 0nm, and showed luminescence with very 
sufficient color purity. Moreover, it was 400V like [ electrostatic 
pressure-proofing ] the example 1. 

[0036] In the [example 7] example 6, the barrier layer which becomes 25A from 
non dope In0.01Ga0.99N about the well layer which consists composition of a 
barrier layer 5 of non dope InO.05GaO.95N is grown up by 50A thickness. This 
operation was repeated 13 times, the laminating of the well layer was carried out 
to the last, and the barrier layer 6 of 1000A of **** was grown up. When the rest 
grew up second p type clad layer 60, first p type clad layer 6, and p type 
contact layer 7 and was used as the Light Emitting Diode element like the example 
1, this Light Emitting Diode element showed blue luminescence of Vf 3 . 2V and 400nm 
of emission peak wavelengths by If20mA, and the radiant power output was 
12mW. Furthermore, the half-value width of an emission spectrum is 20nm, and 
showed luminescence with very sufficient color purity. Moreover, electrostatic 
pressure-proofing was 500V. Rather than the barrier layer of single quantum well 
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structure, this shows that the direction of the element which has the barrier 
layer of multiplex quantum well structure has electrostatic high 
pressure-proofing . 

[0037] Although the radiant power output declined to 3mW since, as for this 
Light Emitting Diode element, the thickness of a barrier layer became thick when 
thickness of the [example 8] barrier layer 5 was made into 500A and also the 
Light Emitting Diode element was obtained like the example 6, it was 390nm of 
emission peak wavelengths, and with a half -value width [ of 20nm ] blue 
luminescence was shown, and electrostatic pressure-proofing was 
400V. 

[003 8] [Example 9] When thickness of second p type clad layer 60 was made into 

200A and also the Light Emitting Diode element was obtained like the example 6, 

with 400nm of emission peak wavelengths and a half-value width [ of 20nm ] blue 

luminescence was shown as well as the example 6, and lOmW and the electrostatic 

pressure-proofing of a radiant power output were improving to 

550V. 

[0039] 

[Effect of the Invention] In the conventional nitride semiconductor light 
emitting device, it was weak to electrostatic pressure-proofing, and in the 
environment dried especially, the element broke easily with static electricity, 
and it was lacking in reliability. However, since electrostatic pressure-proofing 
of a light emitting device improved by this invention, the element became that it 
is hard to be destroyed easily, and reliability improved 
extremely. 



TECHNICAL FIELD 



[Industrial Application] this invention relates to the nitride semiconductor 
light emitting device which starts the light emitting device which consists of a 
nitride semiconductor (InaAlbGal-a-bN, 0<=a, 0<=b, a+b<=l) used for light 
emitting diode (Light Emitting Diode), a laser diode (LD) , etc., especially has 
terrorism structure to double. 



PRIOR ART 



[Description of the Prior Art] The nitride semiconductor ( InaAlbGal-a-bN, 0<=a, 
0<=b, a+b<=l) is known as a material of light emitting devices, such as Light 
Emitting Diode, LD, etc. which emit light in ultraviolet - red. Using this 
semiconductor material, we announced blue Light Emitting Diode with a luminous 
intensity of 1 cd in November, 1993, announced the bluish green color Light 
Emitting Diode with a luminous intensity of 2 cds in April, 1994, and announced 
blue Light Emitting Diode with a luminous intensity of 2 cds in October, 
1994. All of these Light Emitting Diodes are produced commercially, and practical 
use of the present display, a signal, etc. is presented with 
them. 

[0003] The structure of the luminescence chip of the conventional blue and the 
bluish green color Light Emitting Diode which become drawing 2 from a nitride 
semiconductor is shown. It has the structure where the laminating of the buffer 
layer 22 which consists of GaN on a substrate 21, n type contact layer 23 which 
consists of n type GaN, n type clad layer 24 which consists of n type AlGaN, the 
barrier layer 25 which consists of n type InGaN, p type clad layer 26 which 
consists of p type AlGaN, and the p type contact layer 27 which consists of p 
type GaN was fundamentally carried out to order. Acceptor impurity, such as donor 
impurities, such as Si and germanium, and/or Zn, Mg, is doped by n type InGaN of 
a barrier layer 25, the luminescence wavelength of a Light Emitting Diode element 
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is changing the kind of impurity which changes In composition ratio of InGaN of 
the barrier layer, or is doped to a barrier lay r, and it is possible to make it 
change to ultraviolet - red. For the moment, Light Emitting Diode with a 
luminescence wavelength of 510nm or less on which a donor impurity and acceptor 
impurity were simultaneously doped by the barrier layer is put in practical 
use . 



EFFECT OF THE INVENTION 



[Effect of the Invention] In the conventional nitride semiconductor light 
emitting device, it was weak to electrostatic pressure-proofing, and in the 
environment dried especially, the element broke easily with static electricity, 
and it was lacking in reliability. However, since electrostatic pressure-proofing 
of a light emitting device improved by this invention, the element became that it 
is hard to be destroyed easily, and reliability improved extremely. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] A radiant power output has about 3mW 
of the conventional Light Emitting Diodes by 2 0mA of forward currents, and they 
have the output of 20 times or more as compared with Light Emitting Diode which 
consists of SiC. However, when this Light Emitting Diode was low, for example, 
electrostatic pressure-proofing carried out bias of it and measured in the 
opposite direction, it had the fault that there were only 50-100V about. If Light 
Emitting Diode is dealt with in the atmosphere dried when electrostatic 
pressure-proofing was low, since an element will be easily destroyed by static 
electricity, it is lacking in reliability. 

[0005] Therefore, it is in accomplishing this invention in view of such a 
situation, and as for the place made into the purpose, electrostatic 
pressure-proofing realizing a large nitride semiconductor light emitting device 
and a high power light emitting device, and raising the reliability of a nitride 
semiconductor light emitting device. 



MEANS 



[Means for Solving the Problem] As a result of repeating various experiments 
about the nitride semiconductor light emitting device of terrorism structure to 
the conventional double, we trace that many of the causes are in p type clad 
layer grown up into the degree of - a barrier layer, and came to accomplish this 
invention. The nitride semiconductor light emitting device of this invention 
namely, between the barrier layer which has a single quantum well or multiplex 
quantum well structure, and n type clad layer It has second n type clad layer 
which consists of an n type nitride semiconductor containing an indium, and is 
characterized by forming second p type clad layer which consists of a p type 
nitride semiconductor which contains an indium at least between the 
aforementioned barrier layer and p type clad layer, or p type GaN 
further . 

[0007] Drawing 1 is the type section view showing the structure of the light 
emitting device concerning one example of this invention. This light emitting 
device shows the structure which carried out the laminating of a buffer layer 2, 
n type contact layer 3, n type clad layer 4, a barrier layer 5, second p type 
clad layer 60, first p type clad layer 6, and the p type contact layer 7 to order 
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oh the substrate 1. 

[0008] The substrate of the nitride semiconductor and grid mismatching like Sic 
(6H and 4H are included), ZnO and Si besides sapphire (the Ath page, the Cth 
page, and the Rth page are included), and GaAs, a substrate with near nitride 
semiconductor which consists of an oxide single crystal like NGO (neodium 
gallate) and lattice constant, etc. can be used for a substrate 1. 
[0009] As for a buffer layer 2, it is desirable to grow up GaN, AlN, GaAlN, etc. 
by 50A - 0.1 micrometers thickness, for example, according to the MOVPE method, 
it can be formed by making it grow up at 400 degrees C - 600 degrees C low 
temperature. 

[0010] n type contact layer 3 is a layer which forms a negative electrode 8, it 
is desirable to grow up GaN, AlGaN, InAlGaN, etc. by 1 micrometer - 10 
micrometers thickness, and the material of a negative electrode and desirable 
ohmic contact can be obtained by choosing GaN also in it. As a material of a 
negative electrode 8, aluminum, Au, Ti , etc. can be used 
preferably. 

[0011] As for n type clad layer 4, it is desirable to grow up GaN, AlGaN, 
InAlGaN, etc. by 500A - 0.5 micrometers thickness, and a crystalline good layer 
is obtained by choosing GaN and AlGaN also in it. Moreover, it is also possible 
to omit n type clad layer 4 or n type contact layer 3. If either is omitted, the 
layer which remained will act as n type clad layer and an n type contact 
layer . 

[0012] As for a barrier layer 5, it is more desirable than a clad layer that 
bandgap energy sets the composition ratio of an indium to InGaN changed suitably 
by the desired band gap especially that what is necessary is just nitride 
semiconductors, such as small InGaN, InAlGaN, and AlGaN. Moreover, it is good 
also as multiplex quantum well structure which carried out the laminating of* each 
thin film for the barrier layer 5 in combination, such as InGaN/GaN and 
InGaN/InGaN (composition differs) . single quantum well structure and multiplex 
quantum well structure which barrier layer -- also setting a barrier layer 
n type and p type although any are sufficient, it is desirable, especially 
when luminescence between bands with narrow half-value width, exciton 
luminescence, or quantum well level luminescence is obtained and a Light Emitting 
Diode element and LD element are realized by considering especially as a non dope 

(additive-free) If a barrier layer is made into single quantum well (SQW: single 
quantum well) structure or multiplex quantum well (MQW:multiquantum well) 
structure, a light emitting device with a very high output will be obtained. It 
is the layer which pointed out the structure of a barrier layer where 
luminescence between the quantum level by InGaN of a non dope was obtained, in 
SQW and MQW, for example, constituted the barrier layer from InXGal-XN (0<=X<1) 
of single composition at SQW, and strong luminescence between quantum level is 
obtained by making still more preferably 100A or less of thickness of InXGal-XN 
into 70A or less. Moreover, MQW is taken as the multilayer which carried out two 
or more laminatings of the thin film of InXGal-XN (X= 0 and X= 1 are included in 
this case) from which a composition ratio differs. Thus, luminescence to about 
3 65nm - 660nm is obtained by luminescence between quantum level by setting a 
barrier layer to SQW and MQW. As well layer thickness of quantum structure, 70A 
or less is desirable as mentioned above. Multiplex quantum well structure 
constitutes a well layer from InXGal-XN, and, as for a barrier layer, it is 
desirable to constitute by InYGal-YN (for Y- 0 to be included in Y<X and this 
case) similarly. Since it can grow up at the same temperature if a well layer and 
a barrier layer are especially formed by InGaN preferably, a crystalline good 
barrier layer is obtained. If 150A or less of thickness of a barrier layer is 
made into 120A or less still more preferably, a high power light emitting device 
will be obtained. Moreover, you may dope a donor impurity and/or acceptor 
impurity to a barrier layer 5. If the crystallinity of the barrier layer which 
doped the impurity is the same as a non dope and a donor impurity will be doped, 
compared with the thing of a non dope, band luminescence intensity can be 
strengthened further. Although peak wavelength can be brought to about 0 . 5eV low 
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energy side rather than the peak wavelength of luminescence between bands if 
acceptor impurity is doped, half -value width becomes large. If acceptor impurity 
and a donor impurity are doped simultaneously, luminescence intensity of the 
barrier layer which doped only acceptor impurity can be enlarged further. When 
realizing the barrier layer which doped especially acceptor impurity, as for the 
conductivity type of a barrier layer, it is desirable to dope donor impurities, 
such as Si, simultaneously and to consider as n type. A barrier layer 5 can be 
grown up by several angstroms - 0.5 micrometers thickness. However, when setting 
a barrier layer to SQW or MQW, it is desirable to form the n type nitride 
semiconductor containing In or second n type clad layer which consists of n type 
GaN between n type clad layer 4 and a barrier layer 5. 

[0013] Next, it is necessary to form -second p type clad layer 60 of this 
invention which is the feature most by the p type nitride semiconductor 

(InXAlYGal-X-YN, 0<X, Y<=0, X+Y<1) which contains an indium at least, or p type 
GaN. Especially the thing to form with the nitride semiconductor which does not 
contain aluminum, such as InGaN or GaN, in it is desirable. As for the thickness 
of second p type clad layer 60, it is still more desirable still more preferably 
to form by thickness 100A or less 200A or less. It is because it becomes possible 
to raise electrostatic pressure-proofing of a light emitting device, maintaining 
most radiant power outputs of a light emitting device by adjusting to thickness 
200A or less. Conversely, when the thickness is thicker than 200A, it is in the 
inclination for the output of a light emitting device to decline. 

[0014] As for first p type clad layer 6, it is desirable to grow up GaN, AlGaN, 
InAlGaN, etc. by 500A - 0.5 micrometers thickness, and a crystalline good layer 
is obtained by choosing GaN and AlGaN also in it. Moreover, when the composition 
of first p type clad layer 6 is the same as composition of second p type clad 
layer 60, the composition ratio of first p type clad layer 6 is changed, and 
bandgap energy is made the same as second p type clad layer 60, or it 
enlarges . 

[0015] p type contact layer 7 is a layer which forms a positive electrode 9, for 
example, it is desirable to grow up GaN, AlGaN, InAlGaN, etc., and the material 
of a positive electrode and desirable ohmic contact can be obtained by choosing 
GaN also in it. As a positive-electrode material, nickel, Au, etc. can be used 
preferably. Moreover, it is also possible to omit p type contact layer 7 or first 
p type clad layer 6. If either ij omitted, the layer which remained will act as 
first p type clad layer and a p type contact layer. 

[0016] The light emitting device of this invention is obtained using vapor 
growths, such as MOVPE (organic-metal vapor growth), MBE (molecular-beam vapor 
growth) , and HDVPE (hydride vapor growth) , by carrying out the laminating of 
InaAlbGal-a-bN (0<=a, 0<=b, a+b<=l) by conductivity types, such as n type and p 
type, on a substrate. Although an n type nitride semiconductor is obtained also 
in the state of a non dope, it is obtained by introducing donor impurities, such 
as Si, germanium, and S, into a semiconductor layer into a crystal growth. The 
carrier concentration of n type layer can be adjusted by adjusting such donor 
impurity concentration. On the other hand, a p type nitride semiconductor layer 
is obtained by introducing acceptor impurity, such as Mg, Zn, Cd, calcium, Be, 
and C, into a semiconductor layer into a crystal growth similarly, or performing 
annealing above 400 degrees C after introduction. The carrier concentration of p 
type layer can be adjusted by adjusting these acceptor impurity concentration 
similarly. Although it is prepared in order that a buffer layer 2 may ease the 
grid mismatching of a substrate 1 and a nitride semiconductor, a buffer layer may 
not be formed in case the substrate which carried out grid adjustment with a 
nitride semiconductor like SiC and ZnO, and a substrate with a near lattice 
constant and a nitride semiconduccor is used. 



OPERATION 
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[Function] In the conventional Light Emitting Diode, first p type clad layer 
containing aluminum was grown up on the barrier layer containing In. On the other 
hand, m this invention, second p type clad layer which consists of a nitride 
semiconductor which newly contains GaN or In between a barrier layer and first p 
type clad layer is grown up. Electrostatic pressure-proofing of a light emitting 
device can be raised by this composition. Second p type clad layer on a barrier 
layer carries out an operation of a buffer layer, and this improves the 
crystallinity of first p type clad layer, and is raising electrostatic 
pressure-proofing of an element. The nitride semiconductor has a property with 
the soft crystal itself in order of descending of bandgap energy, and 
AlN>GaN>InN . That is, compared with first p type clad layer with large bandgap 
energy, the crystal of the nitride semiconductor containing In or second p type 
clad layer which consists of GaN itself is softer than second p type clad layer. 
Since the crystallinity of first p type clad layer grown up on the second p type 
clad layer when second p type clad layer which is this soft crystal carries out 
an operation of a buffer layer becomes good and a lattice defect decreases, 
electrostatic pressure-proofing of the whole element improves. 

[0018] The thickness of second p type clad layer which acts suitably as a buffer 
layer has desirable 2 00A or less. Although electrostatic pressure-proofing tends 
to improve, when thickness is too thick, it is in the inclination for a crystal 
defect to occur mostly in the second p type clad layer itself, and to stop being 
able to act on it easily as a buffer layer, so that second p type clad layer is 
stacked thickly. If first p type clad layer is grown up on second p type clad 
layer with many crystal defects, since a crystal defect will get across even to 
first p type clad layer, first crystalline good p type clad layer stops being 
able to grow up easily. For this reason, when the thickness of second p type clad 
layer is too thick, it is in the inclination for the output of a light emitting 
device to decline. Especially the minimum of the thickness of second p type clad 
layer may not limit, and may be formed by several angstroms thickness which hits 
one atomic layer and two atomic layers. 



EXAMPLE 



[Example] this invention is explained based on a concrete example below. The 
following examples show the growth method by the MOVPE method. 

[0020] An example 1 is explained based on [example 1] drawing 1 . First, the 
buffer layer 2 which becomes the Cth page of the silicon on sapphire 1 set' to the 
reaction container from GaN at 500 degrees C is grown up by 500A thickness using 
TMG ( trimethylgallium) and NH3 . 

[0021] Next, temperature is raised to 1050 degrees C and TMG and n type contact 
layer 23 which consists, of Si dope n type GaN using silane gas in addition to NH3 
are grown up by 4 -micrometer thickness. 

[0022] Then, TMA ( trimethylaluminum) is added to material gas and n type clad 
layer 4 which similarly consists of Si dope n mold aluminumO . 3Ga0 . 7N layer at 
1050 degrees C is grown up by 0 . 1-micrometer thickness. 

[0023] Next, temperature is lowered to 800 degrees C and the barrier layer 5 
which consists of Si+Zn dope n type In0.05Ga0.95N is grown up by 0 . 1-micrometer 
thickness using TMG, TMI ( trimethyl indium) , NH3 , silane gas, and DEZ (diethyl 
zinc) . 

[0024] Then, 50A of second p type clad layer 60 which consists of Mg dope p type 
InO.01GaO.99N at 800 degrees C using TMG, TMI ( trimethylindium) , NH3 , and Cp2Mg 
(magnesium cyclopentadienyl ) gas is grown up. 

[0025] Next, temperature is raised to 1050 degrees C and first p type clad layer 
6 which consists of Mg dope p type aluminumO . 3GaO . 7N is grown up by 
0. 1-micrometer thickness using TMG, TMA, NH3 , and Cp2Mg (magnesium 
cyclopentadienyl) . 
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[002 6 J Then, p type contact layer 7 which consists of Mg dope p type GaN using 
TMG, NH3, and Cp2Mg at 1050 degrees C is grown up by 0 . 5-micrometer 

thickness . 

[0027] After a reaction end, temperature is lowered to a room temperature, a 
wafer is picked out from a reaction container, annealing of a wafer is performed 
at 700 degrees C, and p type layer is further formed into low resistance Next 
the mask of a predetermined configuration is formed in the front face of p type 
contact layer 7 of the best layer, and it ********** s until the front face Qf n 
type contact layer 3 is exposed. The negative electrode 8 which becomes the front 
face of n type contact layer 3 from Ti and aluminum, and the positive electrode 9 
which becomes the front face of p type contact layer 7 from nickel and Au are 
formed after etching. After electrode formation, after dividing a wafer into the 
chip of 350-micrometer angle, it considered as the Light Emitting Diode 
element. This Light Emitting Diode element showed with Vf 3 . 6V, 450nm of emission 
peak wavelengths, and a half-value width [ of 70nm ] blue luminescence by if 20mA, 
and the radiant power output was 3mW. Furthermore, when electrostatic 
pressure-proofing was measured having applied the reverse bias to the two 
electrodes of this Light Emitting Diode, an element did not break to 
400V. 

[0028] [Example 2] When thickness of second p type clad layer 60 was made" into 
100A and also the Light Emitting Diode element was obtained like the example 1, 
the radiant power output was the same as that of 3mW, and electrostatic 
pressure-proofing was improving to 450V. 

[0029] [Example 3] When thickness of second p type clad layer 60 was made into 
20 OA and also the Light Emitting Diode element was obtained like the example 1, 
2.5mW and the electrostatic pressure-proofing of a radiant power output were 
improving to 550V. 

[0030] [Example 4] Although electrostatic pressure-proofing improved to 650V 
when thickness of second p type clad layer 6 0 was made into 300A and also the 
Light Emitting Diode element was obtained like the example 1, the radiant power 
output declined to lmW. 

[0031] [Example 5] When Mg dope p type GaN was formed in second p type clad 
layer 60 by 10A thickness and also the Light Emitting Diode element was obtained 
like the example 1, the 3mW as an example 1 with the same radiant power output 
and electrostatic pressure-proofing were 360V. 

[0032] [Example 6] drawing 3 is the typical cross section showing the 
structure of the light emitting device concerning an example 6. The place where 
this light emitting device differs from the light emitting device of drawing 1 

is just going to form the n type nitride semiconductor which contains In as a 
new buffer layer, or second n type clad layer 40 which consists of n type GaN 
between n type clad layer 4 and a barrier layer 5. First n type clad layer 40 
containing In and the barrier layer 5 containing In act as a buffer layer, and a 
crack does not go into n type clad layer 4 and p type clad layer 6, but this 
second clad layer 40 can grow with sufficient crystallinity , if it is desirable 
to form by thickness (10A or more and 0.1 micrometers or less) and it makes 
thickness of second n type clad layer 40 and a barrier layer 5 300A or more 
further. Furthermore, by growing up this second n type clad layer 40, the barrier 
layer which does not dope an impurity is realizable, half -value width is narrow 
and high luminescence of an output can be obtained. 

[0033] This second n type clad layer 40 acts as a buffer layer between n type 
clad layers 4 containing a barrier layer 5, and aluminum and Ga . that is, the 
lattice constant of the n type clad layer 4 and the barrier layer 5 which contain 
aluminum and Ga since it has the property in which second n type clad layer 40 
containing In and Ga is soft as a property of a crystal there is work which 
absorbs distortion produced according to a coef f icient-of -thermal -expansion 
difference as it is irregular Therefore, since a crack does not go into a barrier 
layer 5 and n type clad layer 4 considering a barrier layer 5 as SQW and MQW in 
which thickness has thin quantum structure, even if it makes a barrier layer into 
quantum structure, a barrier layer deforms elastically, and the crystal defect of 
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a barrier layer decreases. That is, also in the state where the thickness of a 
barrier layer is thin, since the crystallinity of a barrier layer becomes good, a 
radiant power output increases. Furthermore, when the barrier layer made 
thickness thin, a radiant power output increases according to the quantum effect 
and the exciton effect. In other words, by the conventional light emitting 
device, it had prevented that a crack went into a clad layer and a barrier layer 
by thickening thickness of a single barrier layer with 1000A or more. However, 
since distortion by the coef f icient-of -thermal -expansion difference and the 
stacking fault has always started the barrier layer and the thickness of a 
barrier layer is over the critical thickness which can deform elastically in the 
conventional light emitting device, it cannot deform elastically, but many 
crystal defects are produced in a barrier layer, and it seldom shines in 
luminescence between bands. By forming this second n type clad layer 40, it is 
possible in the barrier layer of quantum structure to raise the radiant power 
output of a light emitting device by leaps and bounds. 

[0034] Specifically, after growing up n type clad layer 4 in an example 1, 
temperature is lowered to 800 degrees C and second n type clad layer 40 which 
consists of Si dope n type In0.01Ga0.99N is grown up by 500A thickness using TMG, 
TMI ( trimethylindium) , NH3 , and silane gas. 

[0035] Then, the barrier layer 5 of the single quantum well structure which 
consists of non dope n type InO.05GaO.95N at 800 degrees C using TMG, TMI, and 
NH3 is grown up by 80A thickness. When the rest grew up second p type clad layer 
60, first p type clad layer 6, and p type contact- layer 7 and was used as the 
Light Emitting Diode element like the example 1, this Light Emitting Diode 
element showed blue luminescence of *'f 3 . 2V and 400nm of emission peak wavelengths 
by If 20mA, and the radiant power output was 12mW. Furthermore, the half-value 
width of an emission spectrum is 20nm, and showed luminescence with very 
sufficient color purity. Moreover, it was 400V like [ electrostatic 
pressure-proofing ] the example 1. 

[0036] In the [example 7] example 6, the barrier layer which becomes 2 5A from 
non dope In0.01Ga0.99N about the well layer which consists composition of a 
barrier layer 5 of non dope In0.05Ga0.95N is grown up by 50A thickness. This 
operation was repeated 13 times, the laminating of the well layer was carried out 
to the last, and the barrier layer 6 of 1000A of **** was grown up. When the rest 
grew up second p type clad layer 60, first p type clad layer 6, and p type 
contact layer 7 and was used as the Light Emitting Diode element like the example 
1, this Light Emitting Diode element showed blue luminescence of Vf3.2V and 400nm 
of emission peak wavelengths by If 2 0mA, and the radiant power output was 
12mW. Furthermore, the half-value width of an emission spectrum is 20nm, and 
showed luminescence with very sufficient color purity. Moreover, electrostatic 
pressure-proofing was 500V. Rather than the barrier layer of single quantum well 
structure, this shows that the direction of the element which has the barrier 
layer of multiplex quantum well structure has electrostatic high 
pressure-proofing. 

[0037] Although the radiant power output declined to 3mW since, as for this 
Light Emitting Diode element, the- thickness of a barrier layer became thick when 
thickness of the [example 8] barrier layer 5 was made into 500A and also the 
Light Emitting Diode element was obtained like the example 6, it was 3 90nm of 
emission peak wavelengths, and with a half -value width [ of 20nm ] blue 
luminescence was shown, and electrostatic pressure-proofing was 
400V. 

[0038] [Example 9] When thickness of second p type clad layer 60 was made into 
2 00A and also the Light Emitting Diode element was obtained like the example 6, 
with 400nm of emission peak wavelengths and a half-value width [ of 20nm ] blue 
luminescence was shown as well as the example 6, and lOmW and the electrostatic 
pressure-proofing of a radiant power output were improving to 
550V. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The type section view showing the structure of the light emitting 
device concerning one example of this invention. 

[Drawing 2} The type section view showing the structure of the conventional 
.light emitting device. 

[Drawing 3] The type section view showing the structure of the light emitting 
device concerning other examples of this invention. 
[Description of Notations] 

1 .... Substrate 

2 .... Buffer layer 

3 .... n type contact layer 

4 .... n type clad layer 

5 .... Barrier layer 

60 .... Second p type clad layer 

6 .... First p type clad layer 

7 .... p type contact layer 

8 .... Negative electrode 

9 .... Positive electrode 



DRAWINGS 



[Drawing 1] 
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|4l*Cv^TXtTiBI^1-4tfcJ:t5 0~l OOVLrt* 



ffl^4*-CLED5:l!*0tft-3i:. S*Cff|»CJ:0*f 

[0005]ftoT. *^{iIOj:p=5rl5tSS-ffiA-C 

4^t(c*4. 
[0006] 

[pfi£»&-f4*:ib?>#8] S^<it¥3l*ior7'/l^f- 

StofctSft. *atlf58B=«*Stf4 pS? 5 y KB 

fc. -5-tOME^<* 5 J>4^t$r^jl:y>. ^IHBfclfc 

*-*=F#F t L < U|-a«rF#Fflia?c*-f iiSttB 

fc. nS7 7vFBtOlSI(C, ^fy^^S-g-tfnMW 
M-fbW^#:J:'3 : t4^Z^nS^7-y KBfc^L. £ 
^tcfUEvSltl fc . p!?77 Fit <7WiZ . d«2r < t 
fc-f^^A^trpStfJfflflSMi-ls**, 4fclipS*> 
GaNi 0 : S:4SZ^pa7-> y FBjWIMS**.'CV'4 

[ 0 0 0 7 ] 01 fi*XI9i0>-llttnCfl(4X)iaiH^) 
fltit *r Srt«**8fBB0-C'*> 4 . <I 0$£fc3i?<2g« 1 <o 
iKA'./7Ti2. n*S*jy^^KB3, nI?5'/H 
14, «ttB5, mz^pS^7"/KB6 0, m-^Op 
S?5-yKB6, pS*J^^^KB7S-)i(C»BL^fll 
JI2r^LT^4. 

[00081 *«lC<i'9-7r'fr (Affi. Cffi, Rffi 
*"g"tr) Oflfi, S i C (6H, 4H££*f) , ZnO, 
Si, GaAs^io 'SrM'ffc^SI* fc ft-F ^S^OS 

<56ffl-t4it*<-C'#4. 

[0 009] ^N'-y7rB2liGaN, A 1 N, G a A 1 

nmmtti5Q*-yyxYu-j*~~o . l^mwjg® 

i:a«ff 4 L<. flIitfMOVPEttKj: 
4t400*C~60 0*C<OlSffl-C^$-a:4 i fcfcl«fc *) 

mx-zh. 

[00 10] nM-3>^^KB3{it®E8r^B^r4 
BT'ft 9, GaN, AlGaN. I n A 1 G a N^?£flfl| 
ilfUm~l 0Aim<7))I»i-C'^$^4^i:* { lf4L 
< . WPX-h GaN $rS^-f4 C k C J: 9 fimffiO« 
fli:#4LV*-J--S-y^ft||tt#4ifc*«T*4. 
ffi8c0«^t LT{i^^.(f A 1 , A u , T i ^$rff 4 1 
<ffl^4'f:*<T-^4. 

[0011] nS?77 Fl4UGaN, AlGaN. 

InAl GaNWZMz.li500*>?Zba-J*-^ 
0. 5/tm^JKJ5TBHI$-ti:4-; t*W4L<, -eo* 
T'tGaN, A 1 GaNS-SlRf 4->£ < fc9te l fBl4<r) 
ftOJl*«(»^<i4. 4^, nS77-yKB4. nl3^ 
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COO 1 2] vSttl5li?7-y KliOt^>N'^-y 
7'X*)l>*r-tf,\^\,-> InGaN, I nAIGaN, A 
] GaN^gft^¥3|ftT'S>fttf£< % »{CJJfa*>/< 

£1 nGaNfc-f U\ 4 £*S14Jg 5 

nGaN/GaN, InGaN/lnGaN (« 
IS*****) JfcOtt****-?. **i-Wi*)flM»*«I 
L^IK XWmmt IT i> J: v \ m-S^#F« 

Ittnfi, pSwtfhXi (ftf 

S^fBK. *4VM«^#F»ffi«Jl66«»4»*l. LED 

*— ;tF#F ( S QW : single quantun well ) flfjig 
L<<i£g*?#F (MQW : nultiquantum well ) fll 

mti-hb^mzm^m^^tm^n^tih. sq 
fsin&Km^tih&mommtViL. mm sqw 

T'teyStt^fc Jji-fflsJccT) I n ,Ga|.,N (0SX<1) 
T«j£U:JBT**9. I rijGa^jN^^JJ?: 1 0 0;f 

^MStfti. ^Oi^tCvStt^5-SQW N MQWt-f 
SifcCtOMWfilHBfcKT. »365nm-660 

U\ ^M^FUfilTtttfFJilil n x Ga,-iN? 
AMcU RfiJHil§lt< I n,Ga,.jN (Y<X. ,I<7)4§ 

L<<i#FJIfc&lg®£ I nGaNT'JBfifct&fc[3|— jS 

M/S^MSti 1 5 Q*>?x Y o-AjJlT. § 4 tiffi 
L < (i 1 2 0*y h o-AUTJCT* t iSHl?j=3r^ 

tf/£ttiT?*7?-^^£K-TLTt ) J:vv * 

(ZttKWs HmftJHftK* $ &ic3S< -f & Z fc *>'T£ 
t) i#>0 . 5 e V<Kx*/pafHSMcfc-? 

<-r*ii:*<-c**. fticT^-fer?- 

£M<i S i «o K -^-^ttftS- RMNC H -7* LT n 9 b 



i-izbmtL^. m&m 5 nmt am* v ?x v o 

-A-0. 5 jumOBWTrtytS-fc*,! {§ 
U SttlfcSQW. SL<l4MQWtr*fc(»tt. n 

itWl^mfc. i^tinMGaNiO^SSZiOnS^^ 

#£3Sft ( I n,A l Y Ga,.,. Y N. 0<X. YS 0 . X+ 
Kl ) *fclipSOGaN?«rtW-&£BA«*4. * 
^TUnGaN, 4fettG a N§OA 1 

Z<?>pm?7 v K/B6 0<^KH{i2 0 0^y^hD- 
AJilT. $f>(c»SL<til0 0^y^xho-AiilT 
<^R«T»jfrr6Ct*q3FaiU\ £i?&£>. 2 0 0^ 

«WE*±»f6it4"TI6fc*&a&»4,Tfti. JSC**) 

©as ***ttT-t & nm t* & . 

[00 14] £S-<DpM77-yPJi6JiGaN. Al G 
aN. I nA 1 G a NIPSrfSlilf 5 0 Otfy^MJ- 
O+TtGaN. Al GaNS:a«f4ifctJ:9IS* 
tt^i^A^^flS. 4^. £Zc0p£?5»/KJP6 

^'y K^f> vrx*/Pdf-£SSZ<OpS^ 7 -y KJI6 0 

[00 15] pSny^HJf 7tijEBffi9£ffM1-|> 
1T*0, MitfGaN, A l GaN. I nAIGaN 
*«r«*S*4ifc**#4L<, -?-c0^T-tGaNtSrS 
*4" S i 1 1 A 0 jECfiOtm tif4Lv^-5 /^« 
tt»f»& CtaWS I. jEWmmib LXl±N i , Au 

S-«0pS^7 y KJBfci^pSay^^ Hi ttf^ 
[0016] *9HSOXX3R7UMjI If MO V P E ( * 

m&m&m&i&m . mbe <^iift4B«Ai6) . h 

DVPE (A-f HMittftjfi) m<7)$,tt!$.&&i 
fflV^T, S«±t=I n.A 1 t Ga,.,. b N (0Sa s OS 
b. a+bSl ) $rn£L pm<$cr>m%mz-ffflthZb 

ttmXh'&hiXhtiK Si, Ge. S^Wi—^Wto 
****** *c*»*« t (a* A"T 4 i k t i -> T ® t> 

tit. ztih^^i—TM'ms&im^-rs.zbizx 

a-ft^^iiliMg. Zn, Cd, Ca, Be. C¥ 
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i £i±3SA&4 o o-ciiLhrrr.- «j y 
-T-ymmzmm-th z t tz o . P u r 

iStK t PBW 6 C t tfTf; & . / \' -y 7 r JI 2 1 1 
S i C. Z nO*5J: 3 5raft»*mw*t«*jg* 

&RfcM:^-/7TJlMejR5ti*i^i: 
[00 17] 

[ffrB] flawJLEDrttWiBTI n£*trSttJI*>± 
t<OHft:GaN*)tli I n Sr^trM-ftfe^^J: 

UftteM?>±.<?>tS-?)pm7 7 y Hii>'A'7 7 rlOfE 

^•WHEfcW-hSli'O**. HflS*¥«*tf ^ K 
**y7*X*/l/df-<?)*&^li. A 1 N>GaN> I n 

•3. I n**tr«H*¥*«c, ££liGaNJ:9£*3S 
I^pi?7 7 Kite, JBZOpa?? <? Hli 0 fcy? 
* F^-v yrx^WF-**** pfi^ 7 y Fit 

S^pS^^ HJB* J A*.y7TJ8o^fflS-fl.;i:{c 
J: 0 . pS^ 5 y KJf*)J:fcj**3-* 4*- 

*D P £? 7 -y F«<0*SJHx*>*ii< & •) , te^P6#4*&r 

[0018] A-y 7T«t Lr»jafcf^ffl-ri.szop 

7 »/ FlOfflUWi 2 0 0 *V?X h n-AOT«<if 

FS£j£ft$i*-* 1 , &&Xmi) t m-np§l77 -/ vm 
t,z£V&friXL£d<7)T'. ISftttOSu^-copM^ 
7-y h'fl* 1 «*L{c<< : 5:l.. C^tf>&37>pS?7 

y F/I<ASIJf #JI-f#'Si:, ^Btai^ai^AHKT-rs 
SIOp1?7 7 FifOKJI'OTEBtiftCC 
ltt&t*t«)-C««r<. Hit* lllfflB. 2JS?/f££ 
fcSi 3&8tf>^XFn-A<fl&JIT^fi£LTiJ: 
v\ 

[00 19] 

jaT<osmfl*iMovpEatj:*rtyi*»*^ 

[00 2 0] Hi lteooT 

K B J-fS. i-fs TMG (MJ-XtM^'J^A) tNH 



3 t 5rfflv%. KJCS^d-fe •/ F Lfz~f7 r A 7*3St5 1 £0 
CEIC 5 0 O'CT'G aNi A-y 7 r 1 2 £ 5 0 0 

[00213 %(CflUC$ 1 0 5 O'C^ T±(f . TMG . 
NH 3 £1)Qz.i>-7y#XZm\,K Si K-rnSGaN 
«t0^rl>nM3>^^ M2 3 j-4Atm<OKJf-Cfi6ft$ 

[00 2 2] gUTJSWtf^KTMA ( F U * 
S~>7A) Srfln*., |5]t< 1 0 5 O-CTS i F'-rnS 
A10.3Ga0.7N«J:') : 2rSnS^7'yH14$:O. 1 

[0 02 3] ^(ciaSS: 800 "Ctc TMG, TM 
I (h'J^f/K/'yW) . NH 3 , i/yytfX^ D 
EZ (-/XfiUyy?) £BJu, Si+ZnK-rnS 
I nO.05GaO.95NJ; O&SnStt/f 5£0. l^mOlK 

[0 0 24 ] Wi^XSOGXHZX. TMG, TM I ( F 
WfWy/^A) , NH 3 , Cp2Mg (-/^n^y 
9lsX.=.j\,-??*zst7J*) ^XSfflu, Mg H-/pl 

I n0.01GaC.99NJ;t)^I.SZ<OpS77-yH16O 

[0025] iWcfSSSr 1 0 5 O'CKJbff , TMG, T 
MA, NH 3 , Cp2Mg (y^a^yi^Jx.-)U-7y^ 
i/">\M rfflV\ Mg K— 7* P MA 1 0.3G a0.7N J: 0 
t^S-OpS^^ y H16 2:0. 1 ju m^JRff T'tSft 

[0026] «vv£i 050'CCTMG. NH 3 , C P 2 
MgS-fflU, MgK-rpSGaNJtO^SpS^V^ 

[0027] Ri»T«, aUEeSSMTTIfOx- 

A5rRtCS§s^4»IS0aiL, 7 0 0*C-C7x-a^T- 

-yy^ffw pSW«:S^fcffiH*flrt-«. ace* 

±M<?>pW3y??hm7cr)mmiZ!>lifc<r)&yi(?>-?x? 

ffitTi fcA 1 «fc9&Sgmii8, P l3y^?M7 
oaffitcN i tAuiO^SimSQSr^BK-ri,. ^ffi 
^«f*, ->i-a^3 SO^mftOf-yrtCTJ-BIL^ 
fft, LEDffiLft. C^LED^il f 2 0mA 
T'Vf3. 6 V, 3&7ttr-:7ifc&4 5 0nm, ^ffiH7 
0nmcO#fe^$-^L, ^3tttJ^{43 mWT'£-?£. 

iBEiSrffl^L^tC^). 4 0 0 v ix^ttW&lKcfr 

[0028] [Wt«2] IRZOpfi^?*/ 
IWi: 1 0 0^-y^x hn-At-f *fflii£ltMi tisj 
«CLTLED^5:^i:I^, ^fcU^li3mWi: 

[0029] [*»«3] »Z»pffl^9v KJI60O 
JRJi 5r 2 0 0 sj-y^X ho-A k? tmiXim 1 1 PJ 
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W. SfHBiSli5 5 0ViT-|6l±LTV^. 
[0 0 3 0] [^MH] BZ(?)pl?7 7 KB 6 0<0 

«5£ 3 o o*y ^ so-a t-r h®um&m 1 his] 

2T(a]±U^\ 1 mWiTftTLfc. 

[0 03 1] [HitH5] aSZ*>pa?5?KJi6 0fc 
MgK-Tp2GaN£l 0:t>-^X h o-A<r>)gjJiT 
JBft-f *fl6tt*tt« 1 1 PIffl(= LT L E D#F*fcfc b 

6 0VT*ofc. 

[0 0 3 2] [3^6] H3tt&ra6£fli*ft%X 

?^«it£*tmw&fBrffiiiT*>&. znwtmw 

Hi JKr*fc£*tt, nS^y KB4£ 

fflfil 5 fc <OflBfcJPW:fir/'C v 7 r Jl b LX I n fc-frtf n 
fi<0»fe*Mf*«l*. 4fcttnfflGaNJ:")**flZOn 
fi^9vK*4 0t»J«L,TVi4ti*-C**. ZffM 

Z.<r>?7 -/ KB4 0f±l 0?l"V^X h-o— i»MJ:. 0. 

i ,u mjaTowf r»j<w* c t #a& l < , $ t> izm 

-cr>n®.?7 ■y KB4 0 bmteM5<r>mm* 3 0 0*>- 
fxha-APXtlZtht* I n£-£tf5B-*5n£?5 
•yKB40£ I n£-£tHSttB5£A<Ay7rBfc LT 

K-rLfcufcttJwgsBiY*. ¥ttH*»m<. ftjjo 

[00 3 3] ;^I(0ni;7 7 KB 4 014. vSttB 
5tA I fcGa£££fcn£75v KB4i<Z>ISkOA.y 
7rSt U-Cf^ffl-f*. I n b G a b ZStif&Z 

<7>nm.7vv KB 4 0#ttftOtt«i: bT*4>*»ntt» 
SrWLT^SOT, A 1 i:G a fcS"£trnffl?7-y KB 
4 i«tiB5 fcafCTCftTOfcftrafflkSfc J: oT 
£t§£*»RJR-f ft->T*SttB5£ffiJ? 

B5. nl?7'v KB4C?7'y?#A£.$rVwOT\ vS 

ft* * fi^F Wit l t t tmmi ksbb u m 
mmzmm 1 ooo^y^xKn-AUhkiK-fs 

v>. :«SI^ni;77Ka405:MtS:t(:J: 



0. l^jt^^ttSCfcUT. ffcftJRfOffcfciiJfl* 

[0 0 34 ] ^ftWtCtt. HI6Wl(CfcV^TnS^7-y 
P14rM?«:t. iSSS-SOO'acTff. TM 
G. TM I < KlM^/MVi^A) , NH 3 , 
#x£fflv\ S i K-7'nlI n0.01Ga0.99N J: 0=3: 
Siding)??-* KB4 0S-5 0 07l->7'z.bn-A 

[0035] S^TTMG, TMI. NH 3 £fflO80 
0°CTV>-F-rnS I nO.05GaO.95NJ: O&Siji- 

fi^#Ffiiitovstt^ 5 *• 8 o ^ y ?x v a-j^comm 
^ & . ttusttn 1 1 mmz ix . m-<v P m 

?5-/KB60i. SI-OpS^9-/Kii6» play 
??KB7£|££§^LEDili^fcU:2:.r-?>, Z<7) 
LED5TR4, If20mAT'Vf3. 2V % fcjfct:- 
^*ft4 0 0nm^Wfej63etiRL. «*HJAIi 1 2m 
WT*!>->fc. h/l^#tf«J42 0n 

WE&Httffl 1 1 PWKC4 0 0 VT&ofc. 
[0036] [9fettn7] 5U|«6t:*^T, Sttl5 

<7)mL£yyV-7l nO.O5GaO.95NJ:O^I»»F0 
S-2 nO.OlGaO. 
99N i •) OSMESIS: 5 O^V^X ha-At7)K)f T« 
£OHWB&13igtl9SU gf*t#FJl^ 
Wl L-CJSff 1 0 0 0 tfVT'X h o-AOiStt! 6 

fts*fc. aiiMWfiikHttfcLr. mzco P s^7 

■yH16 0t. ^-OpI?7'yh'i6, p!!3>-^7 

Dm^lt. I f 2 0 m AT V f 3 . 2 V. ^Jtt-^j* 
£4 0 0nm<9Wfif&7££^U ?Beffi^{il2mWT 
IBtX^h;KO#fi®42 0nmT 

U5 0 0 v?U,fc. ^Wi*-fi^#F«iiOiSffii 

[0037] twm8i&6M5amm*5oo*y 

?Zha-&b? imtmiUt 6t|3]ai{cL-CLED* 
l-ZWzbZb. £OLEDJIWijgttJio||WiWi< 

t"o^<?)T. SBtai7J(43mWiT(STL^*<. ftjfct: 
-^i$^3 9 0 nmT. #<Mi2 0 nmtfOWfe^Sr^ 

#«SSfiE{±4 0 0VT*-5^. 
[0038] [Hte0tj9] 3RZ£>p£??<x KJ|6 0«> 
K®$r 2 0 0^-y/x Nn-Ai-ri.ffi(ill)5feP]6 till 
«lCLTLED^rf#/ct^6, kPIC<^ 
3ee-?j£j|4 0 0niiu ^M*i2 0 nra«0f6M* 
5Btai7Jli 1 OmW, lf«HEtt5 5 0ViTrSl 

[0039] 
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